The electro-magnetic form factors of the proton are calculated in a chiral soliton model with relativistic corrections. The magnetic form factor G M is shown to agree well with the new SLAC data for spacelike Q 2 up to 30 (GeV/c) 2 if superconvergence is imposed. The direct continuation through a Laurent series to the timelike region above the physical threshold is in fair agreement with the presently available set of data. The electric form factor G E is dominated by a zero in the few (GeV/c) 2 region which appears to be in conflict with the SLAC data. * Contribution to the Sixth International Symposium on Meson-Nucleon Physics and the Structure of the Nucleon, Blaubeuren/Tuebingen,
Relativistic soliton form factors
The new SLAC data 1,2 for electro-magnetic form factors (FF) of the proton to high Q 2 pose a challenging test for the relativistically corrected FFs of chiral soliton models.
It has repeatedly been demonstrated for various versions of chiral lagrangians that the nucleon e.m. FFs are rather well accounted for low Q 2 with nucleons as nonrelativistic solitons in coupled π, ̺, and ω fields 3, 4 . The implementation of relativistic corrections is especially easy for solitonic nucleons due to the Lorentz covariance of the field equations (in contrast to the corresponding problem in bag models 5 ). The corrections reflect the Lorentz boost from the soliton rest frame to the Breit frame, in which the soliton moves with velocity v which satisfies
for momentum transfer Q 2 (Q 2 > 0 in the spacelike region) and soliton mass M. The classical result for the magnetic FF is
where G nr is the nonrelativistic FF evaluated in the soliton restframe. The electric FF G E does not contain the factor γ −2 on the right-hand side 6 :
(this is in contrast to bag models 5 where the wave functions of the spectator quarks supply the factor γ −2 also for G E .)
According to the derivation of (2,3) within the tree approximation of the soliton model M is the classical soliton mass M S , although ideally, of course, M should coincide with the physical nucleon mass M N . From (2,3) the asymptotic limit of G( 
The actual values of M 0 for which G nr (4M This ambiguity in the high-Q 2 behaviour of Q 4 G(Q 2 ) can be used to impose superconver-
, or, to put it more generally, to check the functional form of (2) against the experimentally observed behaviour of Q 4 G(Q 2 ) for large Q 2 by choosing M as an adjustable parameter. Due to the lack of the factor γ −2 on the right hand side in (3), superconvergence cannot be imposed on G E by any choice of M. For a specific effective lagrangian (and due to possibly different quantum corrections) we also should not expect M to be necessarily the same for different formfactors.
The low-Q 2 behaviour is not strongly affected by these variations in M, although due to (2), even the magnetic radius receives a small contribution from finite values of M.
The minimal π-ρ-ω model
In order to study the implications of a simple effective lagrangian we choose the minimal model which comprises ρ and ω mesons together with the pionic field U in chiral covariant way:
with
the Maurer-Cartan forms
topological baryon current B µ
and
In the gauge transformation of the vector mesons
(with Q 0 = 1/6 , Q V = τ 3 /2) through which the electromagnetic currents are defined, the gauge parameter g 0 need not coincide with g ω because the contribution of the neutral ω-mesons to the isoscalar part of the e.m. current is not necessarily fixed through the electric charge e(=1).
With the experimental values for f π , the meson masses m π , m ρ , m ω , and g fixed by the 
is in apparent contradiction to the SLAC data, has its origin in the first zero of G nr E which is pushed up to Q 2 ≈ 3.7 (GeV/c) 2 by the boost to the Breit frame in (3). It can be shifted to higher Q 2 by decreasing M but then G E overshoots the dipole near Q 2 ≈ 1 (GeV/c)
2
(the dash-dotted line in fig.2 is calculated for M = 0.94 GeV). Because the rapid decrease of G E /G D is due to a zero in G nr E it cannot be removed by an additional factor γ −2 in front of G nr E which may appear in bag models. For the high-Q 2 part of G M the choice g 0 = g ω seems preferable, which then requires M = 1.13 GeV for superconvergence (dashed line in fig.1 ). However, this impairs the quality of agreement at low Q 2 for G E . Only with a value of M smaller than the nucleon mass the zero in G E can be pushed up to about 10 (GeV/c) 2 so that the SLAC data can be for q 2 → ∞.) But as a speculation, it is tempting to accept the transformation (2) also for
The connection between large space-and timelike values of Q 2 then may be established through a Laurent expansion of G M (Q 2 ) for |Q 2 | → ∞:
with moments M (i) of the spectral function
The continuation to the timelike region beyond the NN threshold then is simply a matter of changing the sign of Q 2 in the Laurent series (13). With a sufficiently accurate set of data such an analysis could be done in a model independent way. fig.3 shows |G M | together with the present worldwide set of data for this quantity 9 ). The fact that the experimental data for |G| show a slower decrease may be an indication of the imaginary part missing in the expression (2) for G M (Q 2 ). It appears that |G| is not affected by the higher moments above −Q 2 > 5 (GeV/c) 2 , and it is not very sensitive in the region from 3.5 to 5 (GeV/c) 2 as long as we exclude the possibility of extremely large higher moments in (13), or strong singularities close to the physical threshold −Q 2 = 4M 2 . In this respect it is interesting that this continuation of (13) to timelike Q 2 reproduces at least the order of magnitude of the form factor above the physical threshold. 9 .
